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[57] ABSTRACT 

A pattern to be transferred- onto a predetermined area on a 
beam-sensitive substrate is divided into a plurality of small 
regions on a mask. projection of a charged particle beam 
covering each small region is repeated for all of the small 
regions. and pattern transfer positions are adjusted so that 
transfer areas corresponding to the small regions are con 
tacted with each other on the beam-sensitive substrate. 
When the pattern to be transferred to the predetermined area 
on the beam-sensitive substrate is divided into the plurality 
of small regions, the small regions having the same pattern 
portion after division are represented by a common small 
region. and, upon transferring, the pattern of the cormnon 
small region is transferred onto a plurality of positions on the 
beam-sensitive substrate. 

11 Claims, 18 Drawing Sheets 
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METHOD FOR TRANSFERRING PATTERNS 
WITH CHARGED PARTICLE BEAM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a pattern transferring 
method used in lithography for semiconductor IC circuits. 
and more particularly. it relates to a method for transferring 
patterns formed on a mask onto a beam-sensitive substrate 
by illumination with a charged particle beam such as an 
electron beam or an ion beam. 

2. Description of the Related Art 
In recent years. exposure apparatuses using a charged 

particle beam to achieve both high resolving power of 
exposure and high throughput have been developed. Among 
such exposure apparatuses. in the past. exposure apparatuses 
of the collective transfer type in which patterns for one die 
(corresponding to one of a plurality of integrated circuits 
formed on a single wafer) or a plurality of dies are trans 
ferred from a mask to a beam-sensitive substrate totally or 
collectively (in a lump) have been developed. However. in 
these collective transfer type exposure apparatuses. it was 
di?icult to manufacture the mask acting as a negative and to 
limit aberration of an optical system below a predetermined 
value within a large optical ?eld corresponding to one or 
more dies. In consideration of the above. exposure appara 
tuses of a separate transfer type have recently been consid 
ered in which a pattern to be transferred to a wafer is divided 
into a plurality of small regions smaller than an area corre 
sponding to one die and then these small regions are 
successively transferred onto the wafer to complete the 
entire pattern. 

In such exposure apparatuses of separate transfer type. the 
small regions formed on the mask are separated from each 
other by opaque border zones. Since such opaque zones 
should not be formed on the beam-sensitive substrate 
(wafer). a charged particle beam passing through a given 
small region is de?ected by a de?ector so that a pattern 
image corresponding to current region is formed on the 
wafer directly adjacent to the previously formed pattern 
image. 

In the above-mentioned arrangement. since an amount of 
de?ection is increased as the small region is spaced apart 
from a center of the mask. optical ?elds available to the 
mask and/or the beam-sensitive substrate are limited. 

SUIVIMARY OF THE INVENTION 

An object of the present invention is to provide a charged 
particle beam type transferring method and a mask used in 
such a method. wherein limited optical ?elds can be utilized 
more effectively. 
To achieve the above object. according to one aspect of 

the present invention. there is provided a method for trans 
ferring a predetermined pattern onto a predetermined area on 
a beam-sensitive substrate. wherein the pattern to be trans 
ferred to the predetermined area on the beam-sensitive 
substrate is divided into a plurality of small regions spaced 
apart from each other on a mask. Projection of a charged 
particle beam passing through each small region on the mask 
is repeated for all of the small regions. and pattern transfer 
positions are adjusted so that transfer areas corresponding to 
the small regions are contacted with each other on the 
beam-sensitive substrate. When the pattern to be transferred 
to the predetermined area on the beam-sensitive substrate is 
divided into a plurality of small regions. the small regions 
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2 
having the same pattern portion after division are repre 
sented by a common small region. and. upon transferring. 
the pattern of the common small region is transferred onto 
a plurality of positions on the beam-sensitive substrate. 

According to another aspect of the present invention. 
there is provided a method for transferring a predetermined 
pattern onto a predetermined area on a beam-sensitive 
substrate. wherein the pattern to be transferred to the pre 
determined area on the beam-sensitive substrate is divided 
into a plurality of small regions spaced apart from each other 
on a mask. Projection of a charged particle beam passing 
through each small region on the mask is repeated for all of 
the small regions. and pattern transfer positions are adjusted 
so that transfer areas corresponding to the small regions are 
contacted with each other on the beam-sensitive substrate. 
The transferring of the pattern to the beam-sensitive sub 
strate is effected repeatedly twice at a portion of the beam 
sensitive substrate. and. between the steps of repeated super 
imposing transferring. border positions of the respective 
patterns are different from each other. 

According to a further aspect of the present invention. 
there is provided a method for transfer with a charged 
particle beam. wherein a mask on which a pattern to be 
transferred to a specimen is divided into a plurality of small 
regions by border zones for blocking the charged particle 
beam. a pattern image on each small region is projected onto 
the specimen through a projection lens while directing the 
charged particle beam onto the small regions successively. 
and the charged particle beam passing through the mask is 
de?ected so that the pattern images projected on the speci 
men are contiguous to each other in one direction on the 
specimen. A relation between the plurality of small regions 
and the corresponding pattern images projected on the 
specimen is selected so that. when the charged particle beam 
is directed to the given small region spaced apart from an 
optical axis of the projection lens. a de?ection amount of the 
charged particle beam passed through the mask becomes 
minimum along one direction on the specimen. 

According to a still further aspect of the present invention, 
there is provided a mask on which a pattern to be transferred 
to a predetermined area on a beam-sensitive substrate is 
divided into a plurality of small regions spaced apart from 
each other. and wherein the pattern to be transferred to the 
predetermined area on the beam-sensitive substrate com 
prises ?rst group of small regions divided at ?rst border 
positions. and a second group of small regions divided at 
second border positions different from the ?rst border posi 
tions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS 1(a) and 1(b) are schematic illustrations for explain 
ing one advantage in a ?rst embodiment of the present 
invention; 

FIGS. 2(a) and 2(b.) are schematic illustrations for 
explaining another advantage in the ?rst embodiment of the 
present invention; 

FIGS. 3(a) and 3(b) for explaining a further advantage in 
the ?rst embodiment of the present invention; 

FIGS. 4(a) and 4(b) are schematic illustrations for 
explaining a still further advantage in the ?rst embodiment 
of the present invention; 

FIGS. 5(a)-5(e) are schematic illustrations for explaining 
advantages in a second embodiment of the present inven 
tion; 

FIG. 6 is a schematic illustration showing an electron 
beam type contraction transferring system which can be 
used for the embodiments of the present invention; 






















